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PREFACE. 

Hot-air  furnaces  for  house  heating  are  used  in  such  great  numbers, 
especially  the  smaller  sizes,  that  one  would  expect  a  considerable 
literature  on  the  subject  of  their  economical  design,  installation,  and 
operation.  As  a  matter  of  fact,  there  is  much  less  to  be  found  on 
this  subject  than  on  steam  and  hot  water  house-heating  equipment, 
largely  because  of  the  difficulty  of  measuring  the  output  from  a  hot- 
air  furnace.  The  quantity  of  heat  absorbed  from  the  fire  by  either 
hot  water  or  steam  systems  is  rather  easily  measured  by  accepted 
methods,  but  it  has  proved  a  problem  of  some  difficulty  to  as  accu- 
rately measure  the  quantity  of  heat  absorbed  by  the  hot-air  furnace. 
Hence  the  problem  has  been  much  less  attractive  as  a  laboratory 
investigation  than  problems  having  to  do  with  steam  or  hot-water 
apparatus.  There  is,  however,  a  real  need  for  a  larger  body  of 
information  about  the  performance  of  hot-air  furnace  installations 
than  is  now  available. 

Mr.  Baker's  article  shows  how  interesting  such  problems  can  be, 
how  really  worth  while  it  is  for  a  good  engineer  to  give  them  careful 
and  ingenious  attention.  The  Bureau  of  Mines  is  glad  to  print  such 
material,  which  will  not  only  help  many  users  of  hot-air  furnaces 
but.  will  also  tend  to  stimulate  investigation  in  this  fertile  field. 

During  the  war  the  husbanding  of  fuel  supplies  must  be  a  matter 
of  vital  concern  to  the  country.  The  Bureau  of  Mines,  in  its  efforts 
to  bring  about  greater  efficiency  in  the  use  of  fuels,  has  paid  much 
attention  to  the  improvement  of  house-heating  and  boiler-plant 
equipment  and  methods  of  operating  them,  and  has  published  a 
number  of  reports  on  the  subject.  Among  these  are  Technical  Paper 
80,  "  Hand-firing  Soft  Coal  Under  Power-plant  Boilers  " ;  Technical 
Paper  97,  "  Saving  Coal  in  Heating  Houses  " ;  Technical  Paper  199, 
"  Five  Ways  of  Saving  Coal  in  Heating  Houses " ;  and  Technical 
Paper  205,  "  Saving  Coal  in  Boiler  Plants." 

This  paper,  which  was  presented  by  the  author  before  the  Ameri- 
can Society  of  Heating  and  Ventilating  Engineers,  at  Buffalo,  N.  Y., 
in  June,  1918,  points  out  certain  defects  in  existing  types  of  hot-air 
heating  plants,  and  suggests  a  number  of  improvements  in  construc- 
tion and  operation  that  will  add  to  the  comfort  of  the  householder 
and  lessen  his  coal  bills.  Moreover,  the  paper  deals  with  a  subject 
that,  in  spite  of  its  wide  interest,  has  received  relatively  little  atten- 
tion and  is  not  treated  in  any  other  publication  of  this  bureau. 
For  these  reasons,  and  for  the  further  reason  that  general  obser- 
vation of  the  suggestions  would  effect  an  important  saving  in  fuel, 
the  paper  is  published  by  the  Bureau  of  Mines. 

O.  P.  Hood, 

Chief  Mechanical  Engineer. 
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HOW  TO  IMPROVE  THE  HOT-AIR  FURNACE. 


By  Charles  Whiting  Baker 


FUEL   ECONOMY   IN   HOT-AIR   HEATING. 

At  this  time,  when  fuel  saving  at  every  point  has  become  a  matter 
of  national  importance,  it  seems  worth  while  to  call  general  attention 
to  the  opportunity  that  exists  for  making  a  great  saving  in  the  coal 
used  for  house  heating  where  hot-air  furnaces  are  employed. 

With  most  hot-air  layouts  it  is  possible,  by  a  simple  and  inexpen- 
sive change,  to  effect  a  saving  of  20  to  30  per  cent  in  the  coal  re- 
quired to  heat  the  building  in  severe  weather,  and  the  building  can 
be  kept  far  more  comfortable.  In  fact,  it  is  easy  to  change  hot-air 
house  heating  from  a  system  markedly  inferior  to  steam  or  hot-water 
apparatus  to  a  system  that  compares  with  them  most  favorably  in 
nearly  all  respects. 

THE  AUXILIARY  COLD-AIR  INLET. 

The  plan  here  recommended  is  merely  the  addition  of  an  auxiliary 
cold-air  duct  by  which  the  air  supply  to  the  furnace  may  be  taken 
from  inside  the  house,  instead  of  from  outdoors,  during  very  cold 
or  windy  weather. 

There  is,  of  course,  nothing  novel  in  this  proposal.  Hot-air  fur- 
naces have  been  installed  on  this  plan  for  many  years;  and  the  only 
surprising  feature  is  that  all  furnaces  are  not  installed  in  this  way, 
instead  of  an  occasional  one.  The  saving  in  coal  made  possible  by 
such  an  arrangement  is  obvious  when  one  considers  the  difference 
between  heating  air  taken  from  outdoors,  which  may  be  at  zero 
temperature  or  below,  and  air  taken  from  inside  the  house  entering 
the  furnace  at  a  temperature  averaging  perhaps  60°  F. 

The  saving  in  fuel  is  especially  great,  of  course,  where  a  hot-air 
furnace  is  designed  and  installed,  as  all  hot-air  furnaces  should  be. 
to  deliver  a  large  volume  of  warm  air  instead  of  a  small  volume  of 
very  highly  heated  air.  It  is,  in  fact,  a  material  advantage  of  the 
auxiliary  cold-air  inlet  from  inside  the  house  that  it  enables  a  fur- 
nace to  be  installed  which  will  deliver  warm  air  instead  of  hot  air — 
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a  thing  which  is  difficult  or  impossible  when  the  entire  air  supply 
is  taken  from  outdoors. 

One  might  suppose  that  all  hot-air  furnaces  would  be  built  ac- 
cording to  the  plan  here  recommended ;  but  for  the  ordinary  dwelling 
the  heating  apparatus  usually  receives  only  such  thought  and  atten- 
tion as  the  plumber  or  builder  cares  to  give  it.  It  is  a  question  of 
putting  in  equipment  that  will  cost  the  least  and  sell  the  best,  rather 
than  what  will  give  the  best  results  in  operation. 

In  these  times,  however,  when  economy  at  every  point  is  demanded 
as  a  patriotic  duty,  it  is  surely  the  duty  and  the  opportunity  of  en- 
gineers to  undertake  leadership  in  this  reform.  No  argument  what- 
ever is  necessary  to  convince  engineers  of  the  practical  advantages  of 
the  change  here  urged.  It  may  be  useful,  however,  to  recount  some 
of  the  arguments  that  are  necessary  in  combating  objections  raised 
through  popular  prejudice  or  ignorance. 

THE  VENTILATION  BUGABOO. 

The  first  objection,  sure  to  be  advanced  by  nine  persons  out  of  ten, 
when  the  change  here  urged  is  suggested,  is  that  such  a  plan  deserves 
summary  condemnation  because  it  provides  no  fresh  air  for  venti- 
lation. 

The  first  answer  to  be  made  to  this  objection  is  that  with  either 
a  steam  or  hot-water  heating  system,  as  installed  in  nearly  all  build- 
ings of  ordinary  size,  no  fresh  air  whatever  is  provided  for  ventilation. 
Therefore  if  a  hot-air  furnace  plant  took  its  entire  cold-air  supply 
from  inside  the  house  at  all  times,  it  would  be  at  least  no  more  ob- 
jectionable as  regards  lack  of  ventilation  than  is  a  steam  or  hot- 
water  system.  But  if  the  air  supply  for  the  hot-air  furnace  is  taken 
from  inside  the  house  only  in  severe  weather  the  most  captious  ob- 
jector could  have  no  reasonable  ground  for  criticism  as  regards  venti- 
lation. Scientific  tests  have  demonstrated  that  the  air  in  an  ordinary 
dwelling  is  changing  all  the  time,  through  cracks  around  windows 
and  doors,  and  even  through  the  walls.  The  rate  of  change  of  air  in- 
creases rapidly  with  lowering  temperature  and  especially  with  increase 
in  wind  velocity.  Hence,  a  cold-air  duct  to  the  furnace  from  inside  the 
house  when  opened  only  in  very  cold  or  windy  weather  will  be  used 
at  a  time  when  the  fresh  air  coming  in  around  the  closed  doors  and 
windows  furnishes  as  large  a  volume  of  ventilation  as  is  demanded 
by  standard  health  authorities. 

A  hot-air  furnace,  even  when  arranged  to  draw  air  from  inside 
the  house  at  all  times,  would  still  have  a  decided  advantage  over  the 
steam  or  hot-water  heating  system  as  regards  ventilation,  in  that  it 
constantly  tends  to  "  average "  the  air  content  of  the  entire  house. 
Thus,  a  room  may  have  four  or  five  people  in  it,  while  other  rooms  in 
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the  house  are  entirely  vacant.  With  a  steam  radiator  in  the  room 
the  atmosphere  will  soon  get  close  and  stuffy;  but  with  a  hot-air 
furnace  flue  sending  up  a  large  volume  of  air  drawn  from  the*  un- 
occupied rooms  of  the  house,  where  natural  ventilation  is  going  on, 
the  air  in  the  occupied  room  will  be  rapidly  changed. 

In  an  ordinary  dwelling  house,  all  that  is  necessary  to  effect  the 
change  here  recommended  is  to  make  an  opening  through  the  floor, 
with  a  register  face,  and  lead  a  cold-air  duct  thence  to  the  base  of 
the  furnace.  It  will  usually  be  possible  to  install  such  a  cold-air 
register  in  the  first-floor  hall,  from  which  various  rooms  open. 

WHY    THE    INTERIOR    COLD-AIR    INLET    MAKES    THE    HOUSE    MORE 

COMFORTABLE. 

It  was  remarked  at  the  outset  that  by  taking  cold  air  from  inside 
the  house  in  severe  weather  not  only  would  a  large  saving  of  fuel  be 
effected,  but  the  house  would  be  much  more  comfortable  in  such 
weather.  The  reason  for  this  is  that  a  furnace  can  adequately  heat  a 
building  when  taking  in  air  at  50°  to  60°  F.,  which  it  could  not  pos- 
sibly heat  when  taking  in  air  at  zero  or  below.  By  taking  the  cold 
air  from  inside  the  house,  also,  the  layer  of  cold  air  that  accumulates 
on  the  floors  as  a  result  of  the  natural  ventilation  at  windows  and 
doors  is  constantly  being  drawn  off  and  heated. 

One  great  defect  of  the  hot-air  heating  system  as  commonly  in- 
stalled is  that  while  the  upper  part  of  the  room  is  overheated  the 
floor  is  cold.  There  is,  in  fact,  no  place  for  the  layer  of  cold  air  next 
the  floor  to  go  to.  It  is  only  as  this  air  is  slowly  raised  and  mixed 
with  the  heated  air  from  the  furnace  by  being  entrained  with  the 
ascending  air  current  from  the  registers  that  the  floors  finally  become 
warm.  On  this  account,  it  is  necessary  to  greatly  overheat  the  air 
in  the  upper  parts  of  the  room  in  order  to  raise  to  the  standard  living- 
room  temperature  of  70°  F.  the  air  near  the  floor.  This  necessary 
overheating  of  the  upper  part  of  the  rooms  while  the  floors  remain 
cold  is  another  reason  why  the  opinion  is  so  widely  held  that  the  hot- 
air  system  of  heating  is  necessarily  unhealthful  and  uncomfortable. 

The  reader  should  understand,  however,  that  the  mere  addition  of 
an  auxiliary  inside  cold-air  duct  will  not  transform  a  hot-air  furnace 
outfit  into  a  model  system.  In  the  following  paragraphs  are  dis- 
cussed in  more  detail  the  principles  that  need  to  be  followed  in  put- 
ting in  hot-air  furnaces  to  make  them  thoroughly  satisfactory.  The 
preceding  discussion  was  intended  chiefly  to  emphasize  the  need  of 
remodeling  the  great  bulk  of  existing  heating  plants  of  this  type  so 
that  they  will  be  reasonably  economical  of  fuel,  and  on  the  oppor- 
tunity for  engineers  to  render  a  great  public  service  by  inaugurating 
campaigns  to  carry  out  this  work  on  a  large  scale. 
76392°— 18 2 


10  HOW   TO  IMPROVE   THE   HOT-AIE  FURNACE. 

IMPROVEMENTS   IN   DESIGN    OF    HOT-AIR    HEATING    PLANTS 
NEEDED  FOR   COMPETING  WITH  OTHER  SYSTEMS. 

The  writer  has  shown  how  the  addition  to  hot-air  heating  plants 
of  an  auxiliary  cold-air  duct  drawing  air  from  inside  the  house  will 
save  coal  and  overcome  much  of  the  difficulty  commonly  experienced 
with  hot-air  furnaces.  He  will  now  endeavor  to  show  that  a  hot-air 
heating  plant,  properly  installed,  in  a  building  of  moderate  size,  has 
many  important. advantages  over  either  steam  or  hot  water. 

There  is  no  doubt  that  for  househeating  the  hot-air  system  is  gen- 
erally regarded  by  the  public,  and  probably  by  the  majority  of  archi- 
tects, as  being  decidedly  inferior  to  steam  or  hot-water  systems,  and 
only  to  be  selected  where  economy  in  first  cost  is  necessary.  This 
opinion  is  perhaps  fully  justified  by  the  results  of  experience  with 
the  average  hot-air  furnace  system  as  usually  installed.  The  exten- 
sive advertising  campaigns  of  those  interested  in  the  promotion  of 
steam  heating  have  so  fully  confirmed  this  opinion  that  real  estate 
men  regard  hot-air  furnace  heating  as  a  drawback  to  the  selling  or 
renting  of  a  residence. 

In  the  face  of  these  facts,  the  writer  desires  to  present  some  rea- 
sons why,  by  the  use  of  intelligent  methods  in  the  design  of  a  hot-air 
furnace  plant,  it  can  be  made  not  merely  the  equal,  but  the  superior, 
of  either  steam  or  hot-water  heating  for  all  buildings  of  moderate 
size.  Most  of  these  methods  are  not  at  all  novel,  but  have  been  in 
extensive  use  for  years.  Of  some  of  them  the  writer  himself  made 
practical  application  in  remodeling  the  furnace  heating  plant  of  his 
own  residence  in  Montclair,  N.  J.,  some  15  years  ago.  There  is  noth- 
ing abstruse  or  difficult  about  these  methods;  and  there  is  no  reason 
whatever  why  any  intelligent  plumber  who  is  competent  to  install  a 
steam-heating  system  should  not  install  with  equal  success  a  hot-air 
heating  system  on  the  principles  here  laid  down. 

One  reason  why  this  subject  is  important  just  now  is  the  emer- 
gency housing  campaign  that  is  being  undertaken  for  relieving  con- 
gestion in  towns  and  cities  where  war  industries  have  brought 
about  a  sudden  influx  of  workers.  Although  much  of  this  building 
construction  will  be  below  the  scale  where  a  central  heating  plant  is 
considered  advisable,  there  must  necessarily  be  many  buildings  where 
central  heating  will  be  required.  Not  only  must  economy  in  first 
cost  be  considered,  but  the  saving  in  piping  necessary  for  steam  or 
hot  water  distribution,  if  a  hot-air  furnace  can  be  substituted,  is  just 
now  of  great  importance. 

Again,  all  buildings  of  this  class,  designed  to  be  occupied  by  more 
or  less  careless  tenants,  should  be  able  to  stand  a  certain  amount  of 
neglect  and  misuse.  During  the  severe  winter  of  1917-18  thousands 
of  costly  hot-water  and  steam-heating  systems  suffered  serious  injury 
from  the  combination  of  low  temperature  and  empty  coal  bins.    In  a 
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rented  house  especially,  the  hot-air  furnace,  which  has  nothing  that 
can  freeze  and  very  few  parts  to  get  out  of  order  and  require  repair 
or  adjustment,  as  compared  with  the  steam  or  hot-water  systems, 
deserves  more  serious  attention  from  engineers  that  it  has  ever  re- 
ceived. 

DISTRIBUTING    HOT   AIR   TO   DIFFERENT   ROOMS. 

Perhaps  the  most  common  complaint  regarding  hot-air  heating  is 
the  faulty  distribution  of  the  heat  to  different  rooms.  A  large 
volume  of  hot  air  will  flow  from  the  register  in  one  room,  while  in 
another  room  the  hot-air  flue  may  persistently  act  as  a  downcast,  the 
air  from  the  room  flowing  into  the  register  instead  of  hot  air  flowing 
out.  The  reason  for  this  behavior  is  easily  seen  when  the  construction 
of  the  furnace  and  the  various  heating  flues  is  examined.  It  will 
usually  be  found  that  the  cold-air  duct  has  a  cross  section  perhaps 
one-fourth  that  of  the  combined  cross  sections  of  the  hot-air  flues. 
The  circulation  in  a  hot-air  heating  system  is  produced,  of  course,  by 
the  tendency  of  the  column  of  heated  air  in  the  hot-air  flues  to  rise. 
This  causes  the  air  pressure  in  the  furnace  casing  or  hot-air  chamber 
to  fall  slightly  below  the  normal,  and  it  is  this  suction  that  produces 
the  inward  flow  from  the  cold-air  duct.  This  slight  vacuum  in  the 
hot-air  chamber  will  often,  when  the  furnace  is  first  started  and  the 
flues  are  cold,  draw  cold  air  down  one  or  more  of  the  hot-air  flues. 
The  .more  the  flow  of  air  to  the  furnace  through  the  cold-air  duct  is 
obstructed  by  inadequate  size,  the  more  certain  and  persistent  will  be 
the  faulty  distribution  to  the  various  rooms. 

Obviously,  the  first  essential  for  insuring  uniform  distribution  to 
the  different  hot-air  flues  is  to  reduce  the  resistance  to  the  flow  of 
cold  air  to  the  furnace.  In  the  hot-air  heating  plant  for  the  writer's 
own  residence,  the  cold-air  duct  to  the  furnace  was  given  a  cross- 
section  equal  to  the  combined  area  of  all  the  hot-air  flues.  However, 
with  a  cold-air  duct  of  such  a  size  it  would  be  impossible  to  heat  the 
house  in  severe  weather  or  when  a  strong  wind  was  blowing  into  the 
duct.  On  this  account,  as  well  as  for  the  reasons  that  have  been 
reviewed  above,  the  provision  of  an  auxiliary  cold-air  inlet  for  tak- 
ing air  from  inside  the  house  in  severe  weather  was  necessary,  in 
addition  to  closing  the  outside  cold-air  duct  in  such  weather. 

The  cold-air  inlet  from  inside  the  house  has  likewise  a  cross-section 
equal  to  the  combined  area  of  all  the  hot-air  flues.  These  two  cold- 
air  ducts  join  to  form  one  channel  leading  to  the  furnace.  At  the 
point  of  junction  of  the  two  ducts  is  a  wing  damper  which  can  be 
swung  around  to  shut  off  either  the  outside  cold-air  duct  or  the 
inside  duct,  or  can  be  set  at  any  intermediate  position  for  taking  any 
desired  proportions  of  air  from  inside  and  outside  the  house.  In 
any  position  of  the  damper,  however,  an  absolutely  free  flow  of  cold 
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air  to  the  furnace  is  at  all  times  certain,  and  it  is  not  possible  by 
carelessness  to  shut  off  the  air  supply  entirely  and  overheat  the 
furnace,  thus  incurring  the  risk  of  setting  fire  by  overheated  flues. 

With  this  free  flow  of  cold  air  to  the  furnace  it  becomes  possible 
to  distribute  properly  the  flow  of  hot  air  to  the  various  flues  leading 
to  the  different  rooms.  Further,  the  furnace  delivers  a  large  vol- 
ume of  warm  air  instead  of  a  small  volume  of  intensely  heated  air. 
Not  only  is  this  conducive  to  health  and  comfort,  but  the  risk  of 
fire  from  overheated  flues,  which  is  one  objection  to  the  hot-air 
furnace  as  commonly  installed,  is  avoided. 

The  installation  has  the  further  merit  (of  great  importance  in 
all  household  apparatus)  of  requiring  the  minimum  of  attention. 
It  takes  but  a  second  to  adjust  the  wing  damper  according  to  the 
temperature  and  the  wind  whenever  changes  occur  that  make 
such  adjustment  necessary.  The  adjustment  could  readily  be  made 
from  the  first  floor  if  desired,  although  that  was  not  done  in  the 
present  installation. 

A  FRICTIONLESS  CHECK  VALVE. 

With  the  described  arrangement  of  cold-air  ducts  one  problem 
arose  which  required  some  study  for  solution.  Of  course,  the  draft 
produced  by  the  hot-air  flues  of  the  furnace  is  very  small.  Occa- 
sionally, with  a  strong  wind  blowing  into  the  outside  cold-air  duct 
(which  had  a  cross  section  of  about  10  square  feet),  more  air  would 
flow  into  this  duct  than  would  enter  the  furnace.  With  the  wing- 
damper  set,  as  it  usually  is,  to  take  part  of  the  air  supply  from  out- 
doors and  part  from  inside,  a  strong  current  of  cold  air  from  out- 
doors would  flow  around  the  end  of  the  wing  damper  and  backward 
up  the  other  cold-air  duct  and  would  issue  from  the  register  opening 
in  the  hall.  This  back  draft  could  be  stopped,  of  course,  by  closing 
with  the  wing  damper  either  one  of  the  ducts,  leaving  the  other 
entirely  open;  but  such  an  adjustment  was  often  undesirable.  What 
was  needed,  evidently,  was  a  check  valve  in  the  inside  cold-air  duct 
which  would  offer  no  obstruction  to  the  normal  downward  flow  but 
would  automatically  close  as  soon  as  this  flow  stopped  and  thus  pre- 
vent the  back  draft. 

To  order  a  plumber  to  install  a  check  valve  having  an  area  of  some 
10  square  feet,  one  that  would  operate  automatically  and  infallibly 
under  the  action  of  air  pressure  too  minute  to  be  measurable  with  any 
ordinary  instrument,  did  not  promise  satisfactory  results.  The  writer, 
therefore,  undertook  the  task.  The  favorable  feature  in  the  problem 
was  that  absolutely  air-tight  construction  was  not  essential.  The 
check  valve  installed  consists  of  a  very  light  wooden  frame  covered 
with  the  cloth  commonly  used  for  window  shades.  This  was  hung 
in  the  vertical  cold-air  duct  from  the  first  floor  in  an  inclined  posi- 
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tion  and  was  suspended  on  trunnions  near  the  center  of  gravity,  so 
that  the  damper  would  swing  closed  by  its  own  weight  but  would 
open  under  the  slightest  suction  from  the  furnace.  In  order  to 
eliminate  friction  in  the  movement  of  the  damper,  the  trunnions  by 
which  the  damper  is  hung  are  small  cords.  The  damper  has  a  slight 
clearance  at  the  sides,  so  that  the  only  resistance  to  its  movement  is 
the  almost  infinitesimal  resistance  of  the  cords  to  twisting. 

In  order  to  accurately  balance  the  damper  a  very  light  chain  was 
hung  in  a  loop,  with  one  end  attached  to  the  side  of  the  flue  and  the 
other  to  the  side  of  the  damper.  By  altering  the  length  of  this  loop 
of  chain  it  was  easy  to  adjust  the  damper,  notwithstanding  its  com- 
paratively crude  construction,  so  that  it  would  close  gently  by  its 
own  weight  and  yet  would  open  with  a  puff  of  breath.  This  simple 
apparatus,  which  was  made  and  installed  in  a  few  hours,  has  operated 
perfectly  for  }Tears  with  no  attention  whatever. 

DISPOSAL  OF  THE  COLD-AIR  DUCTS. 

A  hot-air  furnace  should,  of  course,  be  placed  as  near  as  possible 
to  the  center  of  the  building  it  is  desired  to  heat.  For  buildings 
of  good  size  the  installation,  in  the  headroom  available,  of  a  cold-air 
duct  of  the  dimensions  above  specified,  from  the  outside  wall  to  the 
furnace,  is  not  an  easy  matter.  This  is  another  reason  why  one 
may  read  in  books  about  cold-air  ducts  equal  in  cross  section  to  the 
combined  area  of  the  hot-air  flues,  but  will  seldom  find  one  actually 
installed. 

In  the  writer's  own  residence,  this  problem  was  easily  solved  by 
carrying  the  cold-air  duct  underneath  the  concrete  floor  of  the 
cellar.  The  floor  and  walls  of  the  duct  were  molded  in  concrete. 
For  the  top  of  the  duct  slabs  of  reinforced  concrete  were  cast  in 
open  frames,  and  were  about  3  inches  thick,  3  feet  long,  and  2  feet 
wide,  with  beveled  edges.  After  these  slabs  were  seasoned  and 
placed  the  grooves  where  they  joined  were  filled  with  poured  con- 
crete and  made  tight.  The  cellar  floor  is  commonly  washed  down 
with  a  hose  without  any  water  reaching  the  cold-air  duct. 

Another  unusual  feature  in  the  installation  was  placing  the  furnace 
in  a  pit,  with  concrete  floor  and  sides,  about  2  feet  lower  than  the 
level  of  the  cellar  floor.  This  made  easy  connection  from  the  cold-air 
duct  to  the  base  of  the  furnace  and  saves  labor  in  feeding  coal  to  the 
furnace,  while  the  extra  height  helps  the  draft  in  the  hot-air  flues, 
especially  those  to  the  first-floor  rooms. 

AN  AUTOMATIC  HUMIDIFIER. 

A  refinement  in  connection  with  this  plant,  which  is  seldom  found 
in  hot-air  furnace  systems — or  for  that  matter  in  connection  with  any 
other  system  of  house  heating — is  effective  provision  for  moistening 
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the  air.  It  is  true  that  hot-air  furnaces  commonly  have  a  so-called 
water  evaporating  pan  or  tank  near  the  base  of  the  furnace  and 
occasionally  some  more  than  ordinarily  careful  and  intelligent  fur- 
nace attendant  will  perhaps  take  pains  to  keep  this  pan  filled.  Even 
when  this  is  done,  however,  numerous  tests  have  demonstrated  that 
the  amount  of  water  evaporated  by  such  an  apparatus,  situated  at  a 
cool  part  of  the  furnace,  is  too  trifling  to  have  any  material  effect  on 
the  humidity  of  the  air  in  the  rooms. 

In  order  to  provide  means  in  the  furnace  installation  being  de- 
scribed for  evaporating  sufficient  water  to  have  a  material  effect  on 
the  humidity  of  the  air,  and  this  without  the  necessity  for  any 
attention,  there. was  installed  in  the  hot-air  chamber  of  the  furnace, 
immediately  over  the  fire  pot,  a  cast-iron  evaporating  pan,  which  was 
furnished  by  the  Kelsey  Heating  Co.  This  pan  is  supplied  by  a 
pipe  from  a  small  copper  tank  outside  the  furnace,  the  water  in  the 
tank  being  at  the  same  level  as  that  in  the  evaporating  pan.  The 
supply  to  the  tank  is  controlled  by  a  float  valve  similar  to  that  on 
an  ordinary  water-closet  tank.  An  overflow  pipe  from  the  copper 
tank  is  provided  to  prevent  the  water  rising  so  high  as  to  flood 
the  cast-iron  pan  in  the  furnace  in  case  the  float  valve  should  fail  to 
operate.  This  simple  and  inexpensive  humidifier  is  automatically 
self-regulating,  requiring  no  attention  from  one  year's  end  to  an- 
other. In  cold  weather,  when  the  furnace  is  very  hot  and  discharg- 
ing a  large  volume  of  air,  the  water  is  heated  to  a  higher  temperature 
and  is  more  rapidly  evaporated. 

There  is  no  more  need  for  humidifying  the  air  in  a  house  heated 
by  a  hot-air  furnace  properly  installed  than  there  is  in  a  house 
heated  by  a  hot-water  or  a  steam  system.  It  is  of  interest,  how- 
ever, to  point  out  how  simply  and  inexpensively  moisture  can  be 
added  to  the  air  in  a  house  heated  by  hot  air,  in  comparison  with  the 
difficulty  of  doing  the  same  thing  with  a  steam  or  hot- water 
apparatus. 

MOIST    AIR    FOR   A    CONSERVATORY. 

A  small  plant  room  heater  has  a  special  system  for  moistening  its 
hot-air  supply.  The  plant-room  floor  is  only  an  inch  or  two  below  the 
level  of  the  first  floor  of  the  house  and  is  of  concrete  paving  on  an 
^arth  fill.  In  this  fill,  next  the  cellar  wall,  there  was  constructed  a 
chamber  about  16  inches  deep,  2  feet  wide,  and  4  feet  long  for  the 
hot-air  flue.  This  chamber  has  a  concrete  floor,  and  a  drain  leads 
out  from  it  at  the  bottom  and  connects  with  the  system  of  under- 
drains  beneath  the  concrete  floor  of  the  plant  room.  The  sides  of 
the  chamber  are  of  brick,  and  widen  toward  the  top  so  that  at  each 
course  of  brick  there  is  formed  a  narrow  shelf  an  inch  wide,  ex- 
tending from  front  to  back.     Shallow,  rectangular  pans  of  galva- 
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nized  iron,  1  inch  deep,  are  made  to  fit  these  shelves  and  are  of  differ- 
ent lengths  from  top  to  bottom,  the  shortest  being  at  the  top. 

This  chamber  is  covered  with  a  reinforced  concrete  slab  for  three- 
fourths  of  its  length,  next  the  house  wall,  and  the  other  one-fourth 
has  a  register  opening.  A  12-inch  flue  extends  from  the  hot-air  fur- 
nace through  the  cellar  wall  into  the  rear  of  the  chamber. 

There  is  a  hose  in  the  plant  room  for  watering  the  plants,  and 
after  the  daily  watering  is  done  the  hose  nozzle  is  turned  down  the 
register  and  discharges  into  the  topmost  galvanized-iron  pan.  This 
pan  overflows  into  the  one  below,  and  so  on  until  all  are  filled  and 
any  surplus  or  leakage  runs  off  through  the  drain. 

The  hot  air  from  the  furnace,  in  passing  through  this  chamber, 
has  to  flow  in  horizontal  layers,  only  1  inch  thick,  over  the  water  in 
these  pans.  About  50  square  feet  of  water  surface  is  thus  exposed  to 
evaporation,  and  the  dry  air  from  the  furnace  takes  up  the  water 
like  a  sponge.  The  entire  installation  was  simple  and  inexpensive 
of  construction  and  has  been  in  use  for  many  years  with  entire 
satisfaction. 

A  BLOWER  SYSTEM  FOR  HOT-AIR  FURNACES. 

It  seems  proper  in  this  connection  to  suggest  the  possibility  of 
making  a  further  great  advance  in  hot-air  heating  by  the  use  of  a 
blower.  This  suggestion,  also,  contains  nothing  novel.  Over  20 
years  ago  Mr.  R.  A.  Chesebrough  heated  an  office  building  in  lower 
New  York  City  by  such  a  system,  and  there  have  been  other  build- 
ings where  ordinary  electric  fans  have  been  placed  in  cold-air  ducts 
to  advantage. 

What  the  writer  desires  to  suggest  is  the  working  out  of  this  sys- 
tem on  a  practical  commercial  basis.  It  is  interesting  to  note  the 
advantages  that  would  be  gained  by  such  a  system.  The  plan  pro- 
posed is  in  principle  identical,  of  course,  with  that  now  empk^ed 
on  a  large  scale  where  buildings  are  heated  by  steam  by  the  blower 
system.  In  the  cold-air  duct  leading  to  the  hot-air  furnace,  there 
would  be  placed  an  electric  motor-driven  fan,  which  would  add  its 
force  to  the  suction  produced  by  the  rising  current  in  the  hot-air 
flues.  With  this  installation  it  would,  of  course,  be  necessary  to  draw 
part  of  the  air  from  inside  the  house,  as  recommended  above,  as  the 
fan  would  otherwise  force  more  air  through  the  furnace  than  could 
be  heated. 

With  this  forced  flow  of  air  through  the  furnace,  there  would  be 
in  the  hot-air  chamber  a  slight  excess  of  air  pressure,  in  place  of  the 
slight  vacuum  which  at  present  exists.  This  would  prevent  the  es- 
cape of  smoke,  gas,  and  dust  through  open  joints  in  the  furnace 
into  the  hot-air  chamber  and  thence  into  the  house,  which  now  occa- 
sionally occurs. 
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Again,  the  slight  excess  pressure  would  mean  an  end  of  the  diffi- 
culty with  faulty  distribution  of  heat,  and  would  enable  the  use  of 
considerably  smaller  pipes  for  carrying  the  hot  air,  and  a  great  re- 
duction in  the  size  of  the  cold-air  ducts.  This  would  mean  also  a 
material  reduction  in  the  cost  of  the  piping  and  in  the  difficulty  of 
placing  it.  Also,  there  would  be  less  loss  of  heat  by  radiation  into 
the  cellar  from  the  smaller  distributing  pipes,  as  well  as  because  of 
the  lower  temperature  of  the  air  in  the  flues. 

A  decided  advantage  of  the  blower  system  would  be  the  delivery 
of  warm  air  instead  of  hot  air.  This  means  rapid  change  of  air  in 
the  rooms,  rapid  drawing  off  of  cold  air  from  the  floors,  and  equable 
heating  of  the  rooms  without  raising  the  air  in  the  upper  part  to 
undue  temperature.  The  rapid  flow  of  air  through  the  furnace,  too, 
would  reduce  overheating  and  expansion,  with  the  tendency  to  open 
the  joints. 

The  first  question  that  will  be  raised  in  considering  the  feasibility 
of  such  a  system  will  be  the  cost  of  the  electric  current  required. 
In  estimating  this  cost  it  may  be  assumed  that  the  fan  would  not  be 
run  in  the  mild  weather  of  spring  and  fall,  when  only  a  little  heat 
is  needed  to  take  the  chill  off  the  house.  During  much  of  the  heating 
season  «the  fan  would  not  be  run  during  the  night  when  the  fires  are 
banked.  Even  under  these  conditions  the  bill  for  the  current  used 
might  be  rather  heavy  if  the  charge  were  at  the  same  rate  as  that  for 
the  current  for  lighting.  The  load  of  such  fans  would  be  so  favorable 
for  an  electric  company,  however,  that  the  company  could  well 
afford  to  charge  the  current  at  motor  or  heating  rates.  At  a  rate 
of  4  cents  per  kilowatt-hour,  the  cost  for  current  for  a  blower  using 
one-fifth  kilowatt  of  current,  operating  for  100  days  in  the  year  at 
an  average  of  20  hours  per  day  would  be  only  $16  per  annum. 
Moreover,  this  current  is  all  converted  into  heat  which  helps  to 
warm  the  house,  so  that  the  net  cost  for  the  power  used  to  drive  the 
fan  and  circulate  the  air  is  really  considerably  less. 

An  essential  feature  of  such  a  system,  of  course,  would  be  a  fool- 
proof and  neglect-proof  electric  fan  with  automatic  lubrication, 
which  could  operate  day  in  and  day  out  in  such  an  inaccessible  place 
as  a  cold-air  duct  without  requiring  attention.  For  the  commercial 
success  of  such  a  system  there  would  have  to  be  cooperation  between 
the  electric  supply  manufacturers  in  the  production  of  such  a  fan, 
the  electric  central  stations  in  the  supply  of  low-priced  current,  and 
the  builders  and  installers  of  hot-air  furnaces.  Also,  some  concern 
must  find  it  worth  while,  as  a  commercial  proposition,  to  undertake 
the  task  of  educating  the  public  as  to  the  merits  of  the  system. 
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FURNACE  CONSTRUCTION. 

It  will,  of  course,  be  understood  that  the  writer,  in  discussing 
the  comparative  merits  of  the  hot-air  furnace  system  and  its  com- 
petitors, has  in  mind  only  the  class  of  buildings,  chiefly  private 
dwellings,  to  which  the  hot-air  furnace  is  adapted.  Nor  does  he  wish 
to  be  understood  as  claiming  that  the  furnaces  now  made  are  free 
from  defects.  In  addition  to  disadvantages  previously  mentioned, 
most  hot-air  furnaces  scatter  dust  through  the  house  because  of  the 
sifting  of  ashes  from  the  fire  box  through  open  joints  in  the  fur- 
nace into  the  hot-air  chamber,  whence  they  are  carried  into  the 
house  through  the  hot-air  flues.  Admittedly  it  is  difficult  to  make 
a  cast-iron  structure  which  will  be  free  from  this  defect  under  the 
extremes  of  temperature  that  a  hot-air  furnace  has  to  undergo,  but 
there  is  plenty  of  room  for  improvement. 

Another  common  defect  in  hot-air  furnaces  is  crude  workman- 
ship. It  is  common  to  find  draft  openings  which  allow  so  much 
air  to  leak  through  when  closed  that  in  mild  weather  the  fire  can 
only  be  kept  down  by  partly  opening  the  furnace  door,  always  a 
ver}'  wasteful  plan,  so  far  as  fuel  consumption  is  concerned. 

Another  defect  is  inadequate  passages  for  air  through  the  fur- 
nace. This,  as  well  as  too  small  a  cold-air  duct,  is  often  responsible 
for  the  difficulty  of  distribution  to  the  different  hot-air  flues. 

On  the  other  hand,  the  ability  of  the  hot-air  furnace  to  heat  a 
house  with  a  light  fire  in  mild  weather,  in  spring  and  fall,  is  a 
very  great  advantage  over  the  steam  heater,  as  respects  both  fuel 
economy  and  comfort. 

The  simplicity  and  reliability  of  the  hot-air  furnace  and  its 
infrequent  repairs  and  breakdowns  are  important  merits.  With 
better  design  in  furnace  construction,  and  more  intelligent  instal- 
lation, the  hot-air  furnace  should  fill  a  far  larger  place  in  the  house- 
heating  field  even  than  it  has  filled  in  the  past. 
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